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Abstract:
OverBlown is aprogramthatcanbeusedto solvefluid flow problemsonoverlappinggrids. It is built upontheOvertur e
object-orientedframework. OverBlown hasanumberof differentalgorithmsthatcanbeusedto solveproblemsfor a rangeof
Machnumbers.TheMachnumber, M, is theratioof theflow speedto thespeedof sound.In particulartherearealgorithms
suitedfor

� incompressibleflow,
�����

, (methodINS)

� low Machnumberflows,
���	� 


, (methodASF)

� moderateMachnumbers
� ��
�	������� �

, (methodCNS)andhighMachnumberflows
� ��
��	�

, (methodCNSCAD).

� reactive Eulerequationsin 2D (methodCNSGOD).

OverBlown canbeusedto solveproblemsonmoving grids.OverBlown canalsobeusedto solvesimplechemicallyreacting
flows.
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1 Intr oduction

OverBlown is a fluid flow solver for overlappinggrids built uponthe Overtur e framework [2],[6],[3]. OverBlown canbe
usedto solve theincompressibleNavier-Stokesequations(INS), andthecompressibleNavier-Stokesequationsusingeitheran
all-speedflow algorithm(ASF), a moderateMachnumberalgorithm(CNS)or a high Machnumberalgorithm(CNSCADor
CNSGOD).TheASF algorithmwould beappropriatefrom low to moderateMachnumber, say

����� 

, theCNSalgorithm

bestfor
� ��
����������

while the CNSCAD algorithmis bestfor
����� ��


(approximately).CNSGODis for the 2D Euler
equations(inviscidNavier-Stokes)with someoptionalchemicalreactions.

More information about Overtur e can be found on the Overtur e home page,http://www.llnl.gov/casc/-
Overture. For installationproceduresseesection(7).

TheOverBlown distributionconsistsof adirectory, OverBlown, plussubdirectories:

OverBlown/bin : containstheexecutable,overBlown . Youmaywantto put thisdirectoryin yourpath.

OverBlown/ins : samplecommandfiles for running computationsof the incompressibleNavier-Stokes equations,see
section(2).

OverBlown/cns : samplecommandfiles for runningcomputationsof thecompressibleNavier-Stokesequations.

OverBlown/asf : samplecommandfiles for running computationswith the all-speed-flow solver for the compressible
Navier-Stokesequations(thisoptionneedsmorework).

OverBlown/lib : containstheOverBlown library, libOverBlown.a.

OverBlown/src : sourcefiles (.C files) for OverBlown.

OverBlown/check : containstestingroutinesfor comparingtheanswerson testproblemsto previously runcases.

Otherdocumentsof interestthatareavailablethroughtheOvertur e homepageare

� TheOverBlown ReferenceGuide[11] for detaileddescriptionsof theequations,algorithmsanddiscretizations.

� Theoverlappinggrid generator, Ogen, [8]. Usethisprogramto make gridsfor OverBlown .

� Mappingclassdocumentation: mapping.tex, [7]. Many of themappingsthatareusedto createanoverlappinggrid
aredocumentedhere.

� Interactiveplotting : PlotStuff.tex, [10].

� Oges overlappinggrid equationsolver, usedby OverBlown to solve implicit time steppingequationsandthePoisson
equationfor thepressure,[9].

1.1 Basicsteps

Herearethebasicstepsto solveaproblemwith OverBlown .

1. Generateanoverlappinggrid with ogen.Make thegrid with 2 ghostlines.

2. RunoverBlown (notelowercase’o’, foundin theOverBlown/bin directory)andchoosethePDEyouwantto solve.

3. Assigntheboundaryconditionsandinitial conditions.

4. Choosetheparametersfor thePDE(Reynold’s number, Machnumberetc.)

5. Chooserun timeparameters,time to integrateto, timesteppingmethodetc.

6. Computethesolution(optionallyplotting theresultsasthecoderuns).

7. Whenthecodeis finishedyoucanlook at theresults(providedyousaveda ‘show file’) usingplotStuff.

The commandsthat you enter to run OverBlown can be saved in a commandfile (by default they are saved in the file
‘overBlown.cmd’). This commandfile canbe usedto re-runthe sameproblemby typing ‘overBlown file.cmd’. The com-
mandfile canbeeditedto changeparameters.

To getstartedyoucanrunoneof thedemo’s thatcomewith OverBlown , theseareexplainednext in section(2).
Papersthatdescribesomeof thealgorithmsusedin OverBlown include
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1. CompositeOverlappingMeshesfor theSolutionof PartialDifferentialEquations[4].

2. A Fourth-OrderAccurateMethodfor theIncompressibleNavier-StokesEquationsonOverlappingGrids[5].

3. Analysisof aDifferenceApproximationfor theIncompressibleNavier-StokesEquations[12].
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Figure1: Snapshotof OverBlown showing therun timedialogmenu.Thefigureshowstwo falling bodiesin anincompressible
flow, computedwith thecommandfile twoDrop.cmd.
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2 Samplecommandfiles for running OverBlown

Commandfiles aresupportedthroughoutthe Overture. They arefiles that containlists of commands.Thesecommandscan
initially be saved when the useris interactively choosingoptions. The commandfiles can then be usedto re-run the job.
Commandfilescanbeeditedandchanged.

In this sectionwepresentanumberof commandfiles thatcanbeusedto runOverBlown .

2.1 Running a commandfile

Given a commandfile for OverBlown suchascylinder.cmd, found in OverBlown/ins/cylinder.cmd, onecan
type‘overBlown cylinder.cmd’ to run this commandfile . You canalsojust type‘overBlown cylinder, leaving
off the.cmd suffix. Typing ‘overBlown noplot cylinder’ will run without interactive graphics(unlessthecommand
file turnson graphics).NotethathereI assumethat theOverBlown/bin directoryis in your pathsothat theoverBlown
commandis foundwhenyoutypeit’sname.TheOverBlown samplecommandfileswill automaticallylook for anoverlapping
grid in theOverture/sampleGrids directory, unlessthegrid is first foundin thelocationspecifiedin thecommandfile.

Whenyou run a commandfile a graphicsscreenwill appearandaftersomeprocessingtherun-timedialogshouldappear
andtheinitial conditionswill beplotted.Theprogramwill alsoprint outsomeinformationabouttheproblembeingsolved.At
thispoint choosecontinue or movie mode. Section(3.3)describestheoptionsavialablein therun timedialog.
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2.2 Incompressibleflow pasta cylinder in a long channel

Thecommandfile cylinder.cmd in OverBlown/ins canbeusedto computetheincompressibleflow pasta cylinder in
achannel,� figure(2.2). Thisexampleusesthegrid Overture/sampleGrids/cilc.hdf.

1 *
2 * OverBlown command file for flow past a cylinder
3 *
4 * specify the overlapping grid to use:
5 cilc.hdf
6 * Specify the equations we solve:
7 incompressible Navier Stokes
8 exit
9 *

10 * Next specify the file to save the results in.
11 * This file can be viewed with Overture/bin/plotStuff.
12 show file options
13 * compressed
14 open
15 cylinder.show
16 frequency to flush
17 5
18 exit
19 * display parameters
20 turn off twilight zone
21 * choose implicit time stepping:
22 implicit
23 * but integrate the square explicitly:
24 choose grids for implicit
25 all=implicit
26 square=explicit
27 done
28 final time (tf=)
29 5.
30 times to plot (tp=)
31 .2
32 plot and always wait
33 * no plotting
34 pde parameters
35 nu
36 .01
37 turn off second order artificial diffusion
38 turn off fourth order artificial diffusion
39 * turn on second order artificial diffusion
40 done
41 * cfl
42 * .25
43 boundary conditions
44 all=noSlipWall
45 square(0,0)=inflowWithVelocityGiven, uniform(p=1.,u=1.)
46 square(1,0)=outflow
47 square(0,1)=slipWall
48 square(1,1)=slipWall
49 done
50 initial conditions
51 * read from a show file
52 * cylinder.show
53 * 9
54 uniform flow
55 p=1., u=1.
56 exit
57 project initial conditions
58 continue
59
60
61
62

To run this command file from the OverBlown/ins directory type ‘overBlown cylinder’ (or
../bin/overBlown cylinder’ if youhave not setyourpath).
Notes:
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� You mayhave to changethenameof theoverlappinggrid file, cilc.hdf (specifiednearthetop of thecommandfile)
to bethecorrectlocationof thefile, suchas henshaw/myGrids/cilc.hdf. Thesuffix ‘.hdf’ is optionalwhen
specifyinggridsasOverturewill tackon‘.hdf’ if necessary. If overBlown doesnot find thefile specifiedit will also
by default look for thefile in theOverture/sampleGrids directory.

� Theinitial conditionsareassignedto bea uniform flow, �����! #" � � � � � " . Theseinitial conditionsareprojectedto nearly
satisfy $	%�& ��� by usingthe‘project initial conditions’ option.

� The time-steppingmethodis chosenso that the grid aroundthe cylinder usesimplicit time-steppingwhile the back-
groundgrid usesexplicit time-stepping.This wasdonefor efficiency. The grids aroundthe cylinder have small grid
spacingssothat implicit time steppingis especiallyuseful. Theback-groundgrid doesnot have smallgrid spacingsso
thereis notmuchof anadvantagein usingimplicit timestepping.By treatingtheback-groundgrid explicitly theimplicit
timesteppingequationsrequirelessstorageandcputime to solve.

� By default theelliptic pressureequationis solvedwith a direct sparsesolver. This usuallyis thebestapproachfor 2D
problems,unlessthe grids get large, sincethe matrix is factoredonly once. In later 3D examplesit is shown how to
specifyaniterativemethod.
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Figure2: Incompressibleflow aroundacylinder. Top: theinitial conditionsareobtainedby projectingauniformflow, �����! #" �
� � � � " . Bottom: thesolutionat time ' ��(�� .
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2.3 Incompressibleflow around a nacaairf oil

The following commandfile can be usedwith OverBlown to computethe flow arounda nacaairfoil. This example
uses) theoverlappinggrid Overture/sampleGrids/naca0012.hdf generatedusingthecommandfile Overture/-
sampleGrids/naca0012.cmd (or the grid OverBlown/grids/naca.hype.hdf generatedwith Overture/-
sampleGrids/naca.hype.cmd )

1 *
2 * OverBlown com-
mand file for flow past a naca0012 airfoil

3 * use either naca0012.hdf or naca.hype.hdf
4 *
5 * naca.hype
6 naca0012
7 *
8 incompressible Navier Stokes
9 exit

10 *
11 show file options
12 open
13 naca.show
14 exit
15 turn off twilight zone
16 implicit
17 choose grids for implicit
18 all=implicit
19 backGround=explicit
20 done
21 implicit factor
22 0.75
23 final time (tf=)
24 1.
25 times to plot (tp=)
26 .1
27 plot and always wait
28 * no plotting
29 pde parameters
30 * the next value for nu is too small to have any effect.
31 nu
32 1.e-8
33 turn on second order artifi-
cial diffusion

34 done
35 * cfl
36 * .75
37 boundary conditions
38 all=noSlipWall
39 backGround(0,0)=inflowWithVelocityGiven, uni-
form(p=1.,u=1.)

40 backGround(1,0)=outflow
41 backGround(0,1)=slipWall
42 backGround(1,1)=slipWall
43 done
44 initial conditions
45 uniform flow
46 p=1., u=1.
47 done
48 project initial conditions
49 continue

Incompressibleflow aroundaNACA 0012airfoil.

If you run thisexampleyouwill noticemessagesprintedto theeffect thatthedivergenceis largeonsomepartsof thegrid.
By looking at theshow file with plotStuff andplotting thedivergenceit canbeseenthat thedivergenceis largenearthe
leadingedgewheretherearelargegradientsin thesolution.This is not unexpectedwhenusingartificial diffusionsinceonly a
minimal amountof smoothingis added.However, it couldalsoindicatethateitherI needa morerefinedgrid thereor perhaps
abetterdiscretizationmethodsuchasafinite volumemethodmightwork better.

This exampledemonstratesthe useof the second-orderartificial diffusion asdescribedin section(3.8). The valueof the
artificial diffusionis determinedin a localway thatdependson thevelocitygradientssoasto keepthesolutionnicelybehaved
but with a minimumof dissipation.Thereis still somefiddling to do to get thecoefficientsof theartificial diffusioncorrect.
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Thevaluesarealwaysaround
�
. HereI usedavalueof

�
whereoftenavalueof

� 

will work fine.
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2.4 Incompressibleflow around a moving stirring stick

The following commandfile canbeusedwith OverBlown to computetheflow arounda rotatingtonguedepressor. This ex-
ample* usestheoverlappinggrid Overture/sampleGrids/stir.hdf generatedusingthecommandfile Overture/-
sampleGrids/stir.cmd.

1 *
2 * stirring stick
3 *
4 stir.hdf
5 * stir1.hdf
6 incompressible Navier Stokes
7 exit
8 show file options
9 * compressed

10 open
11 stir.show
12 frequency to flush
13 5
14 exit
15 turn off twilight zone
16 project initial conditions
17 *
18 turn on moving grids
19 specify grids to move
20 rotate
21 0. 0. 0.
22 * specify rate and rampIn-
terval (rampInterval=0. => impul-
sive start, .5=slow start)

23 .5 .0
24 stir
25 done
26 done
27 * use implicit time stepping
28 * implicit
29 choose grids for implicit
30 all=explicit
31 stir=implicit
32 done
33 pde parameters
34 nu
35 .01
36 done
37 boundary conditions
38 all=noSlipWall
39 done
40 initial conditions
41 uniform flow
42 p=1.
43 exit
44 final time (tf=)
45 .5
46 times to plot (tp=)
47 .025
48 plot and always wait
49 * no plotting
50 continue

Incompressibleflow arounda rotatingstirringstick.

This exampledemonstrateshow to make somegrids move. The optionsfor moving grids is a bit primitive so far. Thereis

currentlyno way to have theflow acceleratethebody, only predeterminedmotionis supportedsofar. Warning: moving grids
have notbeentestedin 3D verymuchsoavoid doingthis for now.
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2.5 Axisymetric incompressibleflow pasta sphere

Thecommandfile OverBlown/ins/halfCylinder.cmd canbeusedto computetheaxisymmetricflow pasta sphere.
The+ (two-dimensional)grid canbecreatedwith Overture/sampleGrids/halfCylinder.hdf. OverBlown assumes
thattheaxisof symmetryis thex-axis(, ��� ).

Figure3: Incompressibleaxisymmetricflow pastasphere.
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2.6 Incompressibleflow pasta backward facing step,a C-Grid and an H-grid

The command files OverBlown/ins/backStep.cmd, OverBlown/ins/cgrid.cmd and
OverBlown/ins/hgrid.cmd- can be used to solve the problems illustrated in this section. All of these grids
use the mixed boundary condition feature, where portions of a physical boundary interpolate from another grid.
The grids can be generatedwith the command files Overture/sampleGrids/ins/backStep.cmd, Over-
ture/sampleGrids/ins/cgrid.cmd andOverture/sampleGrids/ins/hgrid.cmd.

Figure4: Incompressibleflow pastabackwardfacingstep,aC-gridandanH-grid.
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2.7 Incompressibleflow pasta sphere

Thefollowing commandfile canbeusedwith OverBlown to computetheflow pasta spherein a box. This exampleusesthe
overlapping) grid Overture/sampleGrids/sib.hdf.
File OverBlown/ins/sib.cmd.

1 *
2 * OverBlown com-
mand file for a sphere in a box

3 *
4 * grid name:
5 sib.hdf
6 incompressible Navier Stokes
7 exit
8 turn off twilight zone
9 * implicit time stepping on vis-
cous terms

10 implicit
11 * but outer box is done explicitly
12 choose grids for implicit
13 all=implicit
14 box=explicit
15 done
16 final time (tf=)
17 .5
18 times to plot (tp=)
19 .1
20 plot and always wait
21 * no plotting
22 pde parameters
23 nu
24 .05
25 done
26 * use GMRES to solve the pres-
sure equation

27 pressure solver options
28 choose best iterative solver
29 * these tolerances are cho-
sen for PETSc

30 relative tolerance
31 1.e-4
32 absolute tolerance
33 1.e-6
34 exit
35 implicit time step solver options
36 choose best iterative solver
37 * these tolerances are cho-
sen for PETSc

38 relative tolerance
39 1.e-5
40 absolute tolerance
41 1.e-7
42 exit
43 *
44 project initial conditions
45 initial conditions
46 uniform flow
47 u=1., p=1.
48 exit
49 boundary conditions
50 all=slipWall
51 box(0,0)=inflowWithVelocityGiven, uni-
form(p=1.,u=1.)

52 box(1,0)=outflow
53 north-pole=noSlipWall
54 south-pole=noSlipWall
55 done
56 exit
57 y+r:0 25
58 x+r:0 25

Incompressibleflow pastasphere.

For 3D problemsit is almostalwaysnecessaryto usean iterative solver for the pressureequationandthe implicit time
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steppingequations.In theabove casewe usetheGMRESsolver with a convergencetoleranceof
�.�0/21

. You mayhave to play
aroundwith this tolerancesinceI don’t have a goodautomaticway to do this yet. Seethe Ogesdocumentation[9] for more
information.
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2.8 Incompressibleflow thr oughsomeintersectingpipes

The following commandfile can be usedwith OverBlown to computethe flow arounda spherein a box. This exam-
ple) usesthe overlappinggrid Overture/sampleGrids/pipes.hdf generatedusingthe commandfile Overture/-
sampleGrids/pipes.cmd.
File OverBlown/ins/pipes.cmd.

1 *
2 * OverBlown com-
mand file for flow in some pipes

3 *
4 * grid name:
5 pipes
6 * equations to solve:
7 incompressible Navier Stokes
8 exit
9 *

10 turn off twilight zone
11 project initial conditions
12 final time (tf=)
13 1.
14 times to plot (tp=)
15 .05
16 plot and always wait
17 * save the speed in the show file:
18 show file variables
19 speed
20 done
21 pde parameters
22 nu
23 .05
24 done
25 * use iterative solver for the pres-
sure equation

26 pressure solver options
27 choose best iterative solver
28 relative tolerance
29 1.e-6
30 absolute tolerance
31 1.e-7
32 exit
33 initial conditions
34 uniform flow
35 u=0., p=1.
36 done
37 boundary conditions
38 all=noSlipWall
39 mainPipe(0,1)=inflowWithVelocityGiven, parabolic(d=.2,p=1.,u=1.)
40 mainCore(0,0)=inflowWithVelocityGiven, parabolic(d=.2,p=1.,u=1.)
41 mainPipe(1,1)=outflow
42 mainCore(1,0)=outflow
43 branchCore(1,1)=outflow
44 branchPipe(1,1)=outflow
45 done
46 continue
47 * plot grids with wire frame
48 grid
49 plot shaded surfaces (3D) toggle 0
50 exit this menu
51 continue

Incompressibleflow throughsomepipes.

Thisexampledemonstratestheuseof theparabolicprofile for theinflow boundaryconditionasdescribedin section(3.5.1).
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2.9 Two falling dropsin an incompressibleflow

The commandfile OverBlown/ins/twoDrop.cmd can be usedwith OverBlown to computetwo dropsfalling in an
incompressible� flow. Thegrid canbecreatedwith Overture/sampleGrids/twoDrop.cmd. The initial conditionsfor
thedropsincludetheir initial position,velocity, andangularvelocity. Themassandmomentsof inertiamustbespecifiedfor
eachdrop. Therecanbeproblemsfor thegrid generatorif thedropsgettoo closetogethersincetherewill not beenoughgrid
pointsin thegapbetweenthedrops.To avoid this problemthereis anoption “detectcollisions” thathasbeenturnedon that
will detectwhenthedropsgetcloseandperformanelasticcollision. This collision detectioncurrentlyonly worksfor circular
drops.

Figure5: Two dropsfalling in an incompressibleflow. The upperdrop wantsto “draft” in behindthe lower drop wherethe
pressureis lower.

18



2.10 Compressibleflow past two offset cylinders

This exampledemonstratesthemethodCNSCAD,solutionof thecompressibleNavier-Stokesequationsusinga conservative
discretization3 with artificial diffusion.

The commandfile OverBlown/cns/twoBump.cmd canbe usedwith OverBlown to computethe two-dimensional
flow of a shocktraveling pasttwo offsetcylinders.This exampleuses(a finer version)of theoverlappinggrid Overture/-
sampleGrids/twoBump.hdf generatedusingthecommandfile Overture/sampleGrids/twoBump.cmd. Theco-
efficientsof viscosityandheatconductionhave beensetto zerosothatwearesolvingtheinviscidEulerequations.

Figure6: Solutionof the compressibleEuler equations:an initially planeshock,traveling from left to right, hits two offset
cylinders.
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2.11 Solving the Euler Equationswith AMR

Thisexampledemonstratestheuseadaptivemeshrefinementwith OverBlown usingOverBlown/cns/cicShockg.cmd.
We) solve thecompressibleEulerequationswith aconservative Godunov method(writtenby DonSchwendeman).

Figure7: A shockhitting acylinder. Adaptive meshrefinementis usedto resolve theshock.
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2.12 Solving the ReactiveEuler Equationswith AMR

In thisexamplewesolvethereactiveEulerequationswith AMR usingOverBlown/cns/circleDetonation.check.cmd.
The+ chemistryis definedby a simpleone-stepreaction. An initial temperatureprofile is generatedusingan option from the
userdefinedinitial conditions,file UserDefinedInitialConditions4.C. A detonationformsat thehot spot,expands
andreflectsoff theboundaries.

Figure8: Solvingthereactive Eulerequations.Adaptive meshrefinementis usedto resolve thedetonation.
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2.13 Low Mach number flow pastan ellipse

This exampledemonstratesthemethodASF, solutionof theslightly compressibleNavier-Stokesequationsusinganall-speed-
flow4 algorithm.

This exampleusestheoverlappinggrid Overture/sampleGrids/ellipse.hdf generatedusingthecommandfile
Overture/sampleGrids/ellipse.cmd.
File OverBlown/asf/ellipse.cmd.

Figure9: Solutionof theslightly compressibleNavier-Stokesequations:theMachnumberat inflow is .1

1 *
2 * OverBlown command file
3 *
4 ellipse
5 ob.show
6 allSpeedNavierStokes
7 turn off twilight zone
8 linearized all speed implicit
9 final time (tf=)

10 4.
11 times to plot (tp=)
12 .1
13 frequency to save in show file (fsf=)
14 5
15 plot and always wait
16 * no plotting
17 pde parameters
18 Mach number
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19 1.
20 Reynolds number
21 100.
22 done
23 cfl
24 .5
25 boundary conditions
26 all=slipWall uniform(T=1.)
27 backGround(0,0)=subSonicInflow uniform(r=1.,u=.1,v=0.,T=1.)
28 backGround(1,0)=subSonicOutflow uniform(T=1.)
29 backGround(0,1)=slipWall
30 backGround(1,1)=slipWall
31 done
32 initial conditions
33 uniform flow
34 r=1., u=.1, T=1.
35 project initial conditions
36 exit

Notethattheparametersfor this run werespecifiedin termsin the(global)ReynoldsnumberandtheMachnumber. With
theglobalMachnumberbeingM=1, thenaninflow velocity of �����! #" � � �5� � � " correspondsto a local inflow Machnumberof
��6 ���7�5�

.
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2.14 Specifyingthe boundary conditionscorrectly

It canbe confusingto get all the boundaryconditionscorrect. To help you do this you shouldplot the grid anddisplaythe
boundaries8 colouredby the boundaryconditionnumber(this is the default) asshown in figure (10). In 3D you will needto
’plot shaded surfaces’ to seetheboundarycolours.This will helpyou seeif all the facesarecorrect.OverBlown
printsout thenumberthatcorrespondsto eachboundary.

Figure10: After specifyingboundaryconditionsit is helpfulto plot thegrid with boundariescolouredby theboundarycondition
number. Herewe seethat the inflow boundaryfor themainpipe is number2 (inflowWithVelocityGiven) theoutflow
boundaryfor thebranchpipeis number5 (outflow) andthewalls arenumber1 (noSlipWall). This figureis bestseenin
colour.
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3 Options and Parameters

Therearemany optionsandparametersfor OverBlown . Be warnedthatnot all combinationsof optionswill work. It is best
to startfrom anexisting commandfile andmake makeminorchanges.

3.1 Setupmenu

The setuppopupmenuappearsafter theoverBlown is run anda grid is chosen.At this point onespecifieswhich PDE to
solve.

Thechoicesare

incompressibleNavier Stokes : solve theincompressibleNavier-Stokesin 2D or 3D or 2D-axisymmetric.

all SpeedNavier Stokes :

compressibleNavier Stokes(Jameson) : useaJamesonstyleschemefor 2D/3DEuler/Navier-Stokes.

compressibleNavier Stokes(Godunov I) : useaGodunov schemefor theEulerequationsor reactive Eulerequations.

Notethattherewill alsobeillusionsto optionsfor a turb ulencemodelandor reactionmechanismbut mostof theseareeither
un-implementedor unavailablefor generaluseat thepresenttime.

3.2 ParametersDialog and Popup menu

After choosingthePDEto solve theuserwill begiventheopportunityto changetheparametersthatdefinetheproblem.
At thecurrenttime thereis botha dialogmenu(new) anda popupmenu(old). Therearesomeoptionsthatappearin both

menus.Eventuallymostof thepopupmenushoulddisappear. FromthemainOverBlownParameters dialogwindow onecan
openotherdialog windows suchas the Time SteppingParameters dialog. Somedialogs,suchas the BoundaryConditions
dialogareentitledUnderConstruction. In this caseyoushouldusethepopupmenuinstead.

Here is a desciptionof the menuoptionsavailable for changingparameters.This main parametermenuappearswhen
OverBlown is runandis foundin theOverBlown::setParametersInteractively() function.

continue choosethis item to exit thismenuandcontinueon to therun-timedialog.

time steppingparameters... : openthetimesteppingparametersdialog

time steppingmethod : Not all schemeswork for all PDEs.

forwardEuler : For CNSGodunov

adamsBashforth2 : For INS.

adamsPredictorCorr ector2 : For INS.

variableTimeStepAdamsPredictorCorr ector for CNS.

midpoint : For INS.

implicit : For INS. Treatthe viscoustermsimplicitly. Onemay optinally specifythat somegrids areintegrated
explicitly andsomeimplicitly (seechoose grids for implicit).

all speedimplicit : For All-speed-flow.

linearized all speedimplicit : For All-speed-flow. Linearizethe implicit equationsso that the implicit matrix is
only formedandfactoredevery ??steps.

final time : Integrateto this time.

cfl : Setthecfl parameter. Themaximumtimestepbasedonstability is scaledby this factor. By defaultcfl=.9.

dtMax : Restrictthetime stepto beno largerthanthisvalue.

implicit factor :This valuein 9 �:� � �;� < is usedwith the implicit time-stepping.A valueof
� 


will correspondto a 2nd-
orderCrank-Nicolsonapproachfor theviscousterms,avalueof

�;�
will bebackward-Eulerandavalueof

�:�
will be

forward-Euler. Seethethereferencemanualfor moredetails.

recomputedt every : The time step,dt, is recomputedevery time the solutionis plotted/saved. In additionyou may
specifythe maximumnumberof stepsthat will be taken beforedt is recomputed.Usethis if the solutionis not
plottedveryoften.
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slow start time : Rampthe time step =>' from a small value(determinedby slow startcfl) to it maximumvalue(as
determinedby thecfl parameterover this time interval.

slow start cfl : Theinitial time stepfor theslow startoptionis determinedby thiscfl value,default
�7� ��


..

pdeoptions... openthepdeoptionsmenu.ThedialogwhichopensdependsonwhichPDEwaschosenandis describedbelow.

initial conditionsoptions... opentheinitial conditionsdialog.Thisdialogis underconstruction.

readfr om a show file : readinitial conditionsfromashow file. Thiscaneitherbeashow file generatedfromOverBlown
or onethatyouhave built yourself.

readfr om a restart file : readinitial conditionsfrom arestartfile.

uniform state : specifyauniformstate.

show file options... opentheshowfile dialog.

show variables : toggleon/off variablesthatshouldbesavedin theshow file.

mode : specifythemodeascompressedor uncompressed.A compressedfile will besmaller(especiallyfor AMR runs
thatcreatemany grids)but acompressedfile will notbereadableby futureversionsof OverBlown.

open : openashow file. Youwill bepromptedfor thename.

close : closetheshow file.

fr equencyto save : By default thesolutionis savedin theshow file asoftenasit is plottedaccordingto ’times to
plot’. To savethesolutionlessoftensetthis integervalueto begreaterthan1. A valueof 2 for examplewill save
solutionsevery 2ndtime thesolutionis plotted.

fr equencyto flush : Save this many solutionsin eachshow file so that multiple show files will be created(theseare
automaticallyhandledby plotStuff). Seesection(3.6.1)for why youmightdo this.

display parameters : print currentvaluesfor parameters.

output options... opentheoutputoptionsdialog.

output options : Herearetheoutputoptions.

plot option-menu :

plot and wait first time :
plot with no waiting :
plot and alwayswait :
no plotting : do not plot. If you wantto turn off all graphicsyou mustchoosethis optionandalsorun overBlown

with thenoplotoption.

output periodically to a file : outputdatato afile ateachtimestep

times to plot : Specifythetime interval betweenplotting (andsaving in ashow file).

show file options... opentheshow file optionsdialog.

savea restart file : saveor donot savea restartfile.

allow userdefinedoutput : call theuserDefinedOutputroutineatevery step.

times to plot : changethetime interval betweenplotting (andoutput).

checkfile cutoffs : usedinternallyfor regressiontests.

boundary conditions... opentheboundaryconditionoptionsdialog.Thisdialogis underconstruction

twilight zoneoptions... : openthetwilight zone(methodof analyticsolutions)dialog.

type : specifythetypeof analyticsolution

polynomial :
tur n on polynomial : Make thetwilight-zonefunctionbeapolynomial.
degreein space : 0,1,or 2
degreein time : 0,1,or 2
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trigonometric tur n on trigonometric : Make thetwilight-zonefunctionbea trigonometricpolymoinal.

fr equencies: argumentsto thetrig functionsare ? ? timesthefrequency specifiedhere.

twilight zoneflow : toggleonor off. Whenthisoptionis on theequationsareforcedsothatthetruesolutionis equalto
someanalyticallydefinedfunction.This is usedto testtheaccuracy of thecode.

use2D function in 3D : usea2D analyticfunctionin 3D .

compare 3D run to 2D : makeadjustmentssothatanextruded3D geoemtrycanbecomparedto a3D computation.

degreein space : degreeof thespatialpolynomial

degreein time : degreeof thetemporalpolynomial

fr equencies(x,y,z,t) : frequenciesto usewith thetrigonometricanalyticsolution.

plot the grid : plot thegrid.

project initial conditions : (popupmenu)

project initial conditions : Projectinitial conditionsto nearlysatisfy $	%�& ��� . Thisoptionappliesto INS andASF.

do not project initial conditions : (popupmenu)

time steppingoptions : Hereareoptionsthataffect thetimestep.

choosegrids for implicit : For usewith theimplicit timesteppingoption.Choosewhichgridsto integrateimplicitly
and which to integrateexplicitly. Normally one shouldchoosethosesgrids with fine grid spacing(suchas in
boundarylayers)to beimplicit while aback-groundgrid couldbeexplicit. Seesection(3.2.2).

boundary conditions : Bringsupanew menudescribedin section(3.4).

data for boundary conditions : Bringsup thesub-menudescribedin section(3.5).

initial conditions : Bringsupanew menudescribedin section(3.2.3).

pdeparameters : Thisbringsupanew menudescribedbelow in section(3.2.4).

axisymmetric flow : solveanaxisymmetricproblemwith cylindrical symmetry.

tur n on axisymmetric flow : Thesolutionis assumedto have cylindrical symmetryabouttheaxis , �@� with thegrid
definedonly in theregion ,BA � .

tur n off axisymmetric flow :

adaptive grids : useadaptive meshrefinement.

tur n on adaptive grids

tur n off adaptive grids

error thr eshold

truncation error coefficient :

order of AMR interpolation :

regrid fr equency :

changeadaptive grid parameters : changeAMR regriddingparameters(classRegrid).

changeerror estimator parameters : changeparametersin theerrorestimator(classErrorEstimator).

show amr error function : addtheerrorfunctionusedfor AMR regriddingto theitemsthatcanbeplotted.

Debugging :

debug file options : turnout variousoutputto thedebugfile, ob.debug.

print solution/errors : print solution(or errorsif known) ateachtime.

checkerror on ghost : alsocheckerrorsof ghostpoints.

print classifyarray : print theclassifyarrayfor sparsecoefficient matrixes.

print sparsematrix : print thesparsematrixgeneratedby Oges(big).
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debug (debug=) : This is a bit flag that turnson variousmessages.The morebits turnedon, the moredetailedthe
messagesthat appear. Thus a value of debug=3 (1+2) would have the first 2 bits turnedon andwould display
few messages.A valueof debug=63(1+2+4+8+16+32)would have 6 bits turnedon andwould resultsin a lot of
information.

Oges::debug (od=) : bit flagdebugvariablefor Oges.

Reactions::debug (rd=) :

compare 3D run to 2D : this optionwill adjusttheequationsandforcing sothata 3D run on anextruded2D grid can
be comparedto the 2D computation.This includessettingthe twilight-zonefunction to be 2D andchangingthe
divergencedamping(INS) to betwo-dimensional(otherwiseit is scaledin thewrongway).

reduceinterpolation width : specifya new interpolationwidth. For example,whensolvingtheinviscid Navier-Stokesequa-
tionsonemaywant to uselinear interpolation(width=2) insteadof of quadraticinterpolation(width=3) sincethis may
reducewiggles.If thegrid wasbuilt with width=3interpolationyoucanreducetheorderof interpolationwith thisoption.

sparsesolver options :

pressure solver options : Choosingthis itemwill allow youto changeany Oges relatedparametersasthey applyto the
elliptic equationfor thepressure.SeetheOges documentationfor adescriptionof theseparameters[9].

implicit time stepsolver options :Choosingthis item will allow you to changeany Oges relatedparametersasthey
applyto themplicit timesteppingequations.SeetheOges documentationfor adescriptionof theseparameters[9].

moving grids : Optionsrelatedto moving grids.

tur n on moving grids : Allow gridsto move.

tur n off moving grids : donotallow gridsto move.

specifygrids to move : indicatewhich gridsmove andhow. You mustalsochoose‘turn on moving grids’ if
you reallywantthesegridsto move. Seesection(??).

detectcollisions : detectcollisionsfor sometypesof rigid bodies(wip)

do not detectcollisions : turnoff collisiondetection.

minimum separationfor collisions : minimumalloweddistancebetweencolliding bodies.Thisdistanceis in grid lines
andshouldbechosenlargeenoughsothata valid grid canstill begenerated.Usuallyvaluewill befrom 2 to 3 but
mayneedto bemorefor somegrids.

plot the grid : plot thegrid. Usefulto seeif boundaryconditionshave beenplottedcorrectly.

erase : erasethegraphicsscreen.

exit : exit this menuandcontinueon (sameas’continue’).

3.2.1 Show file options

Herearetheoptionsrelatedto show files, theseoptionsarefrom theupdateShowFile function in theOB Parameters
class.

open : openanew show file.

close : closeany openshow file.

show file variables : specifyextra derivedquantities,suchasthedivergenceor vorticity, thatshouldbesavedin theshow file
in additionto thestandardvariables.

fr equencyto save : By default thesolutionis savedin theshow file asoftenasit is plottedaccordingto’times to plot’.
To save the solutionlessoftensetthis integer valueto be greaterthan1. A valueof 2 for examplewill save solutions
every 2ndtime thesolutionis plot.

fr equencyto flush : Save thismany solutionsin eachshow file sothatmultipleshow fileswill becreated(theseareautomati-
cally handledby plotStuff). Seesection(3.6.1)for why youmight do this.

properties :

uncompressed: save theshow file uncompressed.This is a moreportableformatthatcanbereadby newer versionsof
Overture.

compressed: save theshow file compressed.This is a lessportableformat.
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3.2.2 Choosinggrids for implicit time stepping.

Whentheoption‘choose grids for implicit’ is chosenfrom themainparametermenuonecanspecifywhichgrids
shouldC betreatedimplicitly or explicitly with the implicit timesteppingoption.Typea line of theform

<grid name>=[explicit][implicit]

where<grid name> is thenameof agrid or ‘all’. Type‘help’ to seethenames.Examples:

square=explicit
all=implicit
cylinder=implicit

Type‘done’ whenfinished.

3.2.3 Initial condition options

Herearetheoptionsfor specifyinginitial conditions.This menuappearswhen‘initial conditions’ is chosenfrom
mainparametermenu.

uniform flow : specifya uniform flow. Entervaluesin the form ‘p=1., u=2., ...’. Variablesnot specifiedwill get
default values(usuallyzero).

stepfunction : specifytwo uniformconditionssepartedby astep

readfr om a show file : readtheinitial conditionsfrom asolutionin ashow file.

readfr om a restart file : readtheinitial conditionsfrom asolutionin a restartfile.

3.2.4 PDE parametersfor INS

HerearethepdeparametersthatcanbechangedwhensolvingtheincompressibleNavier-Stokesequations.Thismenuappears
when‘pde parameters’ is chosenfrom mainmenu.

nu : kinematicviscosity(constant).

divergencedamping

artificial diffusion : seesection(3.8) for adescriptionof theartificial diffusionterms.

secondorder artifical diffusion tur n on secondorder artificial diffusion
tur n off secondorder artificial diffusion
ad21: coefficientof linear term
ad22: coefficientof non-linear term

fourth order artificial diffusion tur n on fourth order artificial diffusion
tur n off fourth order artificial diffusion
ad41: coefficientof linear term
ad42: coefficientof non-linear term

3.2.5 PDE parametersfor CNS

HerearethepdeparametersthatcanbechangedwhensolvingthecompressibleNavier-Stokesequations.This menuappears
when‘pde parameters’ is chosenfrom mainmenuandyou aresolvingthecompressibleNavier-Stokesequations.Nor-
mally onewould specifyeithertheMach number andReynolds number or alternatively onecould specifyvaluesfor
mu, and...

Mach number : globalMachnumber.

Reynoldsnumber : globalReynoldsnumber.

29



mu : viscosity(currentlyconstant)

Prandtl number :

kThermal : thermalconductivity (currentlyconstant).

Rg : gasconstant

gamma : ratioof specificheats.

gravity : a vectorspecifyingtheaccelerationperunit massdueto gravity.

algorithms :

conservative with artificial dissipation : Useconservative differencingwith a Jamesonstyleartificial dissipationthat
mixesasecond-orderandfourthorderdissipation.

non-conservative : useacenterednon-conservative scheme,not recommendedif youhave un-resolvedshocks.

conservative Godunov : Useaconservative Godunov Schemeby DonSchwendeman

3.2.6 PDE parametersfor ASF

Herearethe pdeparametersthat canbe changedwhensolving the all-speedflow versionof the compressibleNavier-Stokes
equations.This menuappearswhen‘pde parameters’ is chosenfrom mainmenuandyou aresolvingtheallSpeed-
NavierStokes. Normally one would specify either the Mach number andReynolds number or alternatively one
couldspecifyvaluesfor mu, and...

Mach number : globalMachnumber.

Reynoldsnumber : globalReynoldsnumber.

mu : viscosity(currentlyconstant)

Prandtl number :

kThermal : thermalconductivity (currentlyconstant).

Rg : gasconstant

gamma : ratioof specificheats.

gravity : a vectorspecifyingtheaccelerationperunit massdueto gravity.

nuRho :

pressure level : theconstantbackgroundlevel of thepressure,normallydeterminedautomaticallyfrom theMachnumber.

remove fast pressure waves(toggle) : remove the D2E5E term from thepressureequationto eliminatesoundwaveswith a fast
timescale.

3.3 Run time dialog

After theequationshave beenspecified,parameterssetandinitial conditionschosen,therun time dialogwindow will appear,
seefigure(1.1).NotethatOverBlown is in theprocessof convertingfrom popupmenus(left mousebutton)to dialogwindows
sosometimesyouwill needto look for thecommandin thepopupmenuif it is not in thedialog.

plot component: choosethesolutioncomponentto plot.

break : If runningin movie modethis commandwill causetheprogramto halt at thenext time to plot.

continue : computethesolutionto thenext time to plot.

movie mode : computethesolutionto thefinal timewithoutwaiting. Thesolutionwill beplottedateachoutputtime interval.

movie and save : movie modeplussaveeachframeasappmfile.
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contour : enterthecontourplotting functionin PlotStuff. Hereyouwill moreoptionsto changetheplot.

streamlines : enterthestreamlinesplotting functionfrom PlotStuff.

grid : enterthegrid plotting functionfrom PlotStuff. If you don’t first erasethecontourplot thenboththecontoursand
thegrid will beshown.

erase : erasethescreen.

changethe grid : add,remove or changeexisting grids. (poorman’s adaptive meshrefinement).

adaptive grids... : openupanew dialogto show parametersadaptive grids.

useadaptive grids : turnadaptive gridsonor off.

error thr eshold : specifytheerrorthreshold.

show file options... : chooseshow file options;e.g.openor closeashow file.

file output... : specifyoptionsfor saving solutionsto anasciifile (for plotting with matlabfor example).Therearea number
of optionsavailableasto whatdatashouldbesaved. SeealsotheuserDefinedOutputroutinewhereyou cancustomize
output.

output periodically to a file : Openafile for output;specifyhow oftento savedatain thefile (everystep,everysecond
step...);specifywhatdatato save in thefile (only grid 1, only valuesonsomeboundariesetc).Eachtime thismenu
item is selecteda new file is opened,allowing one,for example,to save certaininformationevery stepandother
informationevery tenthstep.

closean output file : Closeafile openedby thecommand‘outputperiodicallyto afile’.

savea restart file : save thecurrentsolutionasa restartfile; usuallyI justusetheshow file for restarts.

pdeparameters... changePDEparametersat run time.

final time : changethevaluefor thefinal time to integrateto.

times to plot : changethetime interval betweenplotting (andoutput).

debug : enteranintegerto turnondebugginginfo. This is abit flagwith debug=1turningon justabit of info, debug=3(1+2)
showing more,debug=7(1+2+4)evenmoreetc.

finish : donot computeany further, exit andsave theshow filesetc.

Thus,for example,youcanchoose’continue’ andthesolutionwill becomputedandplottedat thenext time interval.

3.4 Boundary Conditions

In orderto computethe correctflow the usermustchoosethe correctboundaryconditions.Eachphysical boundaryof each
grid mustbegivenaboundarycondition.

Thenamesof theavailableboundaryconditionsaregivenin theOB Parameters::BoundaryCondition enumera-
tor:

enum BoundaryCondition
{

interpolation=0,
noSlipWall,
inflowWithVelocityGiven,
inflowWithPressureAndTangentialVelocityGiven,
slipWall,
outflow,
superSonicInflow,
superSonicOutflow,
subSonicInflow,
subSonicInflow2,
subSonicOutflow,
symmetry,
dirichletBoundaryCondition,
axisymmetric,
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convectiveOutflow,
tractionFree,
numberOfBCNames // counts number of entries

};

Not all boundaryconditionscanbeusedwith all PDEs.Boundaryconditionsarespecifiedinteractively (or in a command
file) by choosingthe‘boundary condition’ optionfrom themainparametersmenuandthentyping a string that takes
oneof thefollowing forms
�

grid name
�

(side,axis)=
�

boundary condition name
�

[,option] [,option] ...

to changetheboundaryconditiononagivensideof agivengrid, or
�

grid name
�

=
�

boundary condition name
�

[,option] [,option] ...

to changeall boundarieson a givengrid. Here
�

grid name
�

is thenameof thegrid, side=0,1andaxis=0,1,2.
�

grid name
�

canalsobe‘all’. Theoptionalargumentsspecifydatafor theboundaryconditions:

option = ‘unif orm(p=1.,u=1.,...)’ : to specifyauniform inflow profile

option = ‘parabolic(d=2,p=1.,...)’ : to specifyaparabolicinflow profile

option = ‘jet(r=1.,x=0.,y=0,z=0.,d=.1,p=1.,u=F#G�HJI ,v= KLG�HJI ,...)’ : specifya jet inflow profile.

option = ‘pr essure(.1*p+1.*p.n=0.)’ : pressureboundaryconditionatoutflow

option = ‘oscillate(t0=.5,omega=1.,a0=.5,a1=.5,u0=0.,v0=0.,w0=0.)’: oscillatinginflow parameters

option = ‘ramp(ta=0.,tb=1.,ua=0.,ub=1.,...)’ : rampedinflow parameters

option = ‘userDefinedBoundaryData’ : useauserdefinedboundaryvalueoption.

Examples:

square(0,0)=inflowWithVelocityGiven, uniform(p=1.,u=1.)
square(1,0)=outflow
annulus=noSlipWall
all=slipWall
square(0,1)=outflow , pressure(.1*p+1.*p.n=0.)
square(0,0)=inflowWithVelocityGiven, parabolic(d=.25,p=1.,u=1.), oscillate(t0=0.,omega=1.,a0=.5,a1=.5)
square(0,0)=inflowWithVelocityGiven, userDefinedBoundaryDatasquare(0,0)=inflowWithVelocityGiven,
parabolic(d=.25,p=1.,u=1.), userDefinedBoundaryData

Thefirst example,square(0,0)=inflowWithVelocityGiven, will settheleft edgeof thesquareto beaninflow
BC, while square(1,0)=outflow will settheright edgeto beanoutflow boundary. Theline,annulus=noSlipWall,
will set all physical boundariesof the annulusto be no-slip walls. Note that an annuluswill normally have a branchcut
andpossiblyan interpolationboundary. The boundaryconditionson thesenon-physical boundariesarenever changed.The
command,all=slipWall, will makeall physicalboundariesslip-walls(andthusover-rideany previouschangesto boundary
conditions).

3.5 Data for Boundary Conditions
Someboundaryconditionsrequire‘data’, suchasan inflow boundarythat requiresvaluesfor certainquantitiessuchasthe
velocity. Thesedatavaluesareoptionallyspecifiedwhentheboundaryconditionis given.Herearesomeexamples:

square(0,0)=inflowWithVelocityGiven , uniform(p=1.,u=1.)
square(0,1)=outflow , pressure(.1*p+1.*p.n=0.)
square(0,0)=inflowWithVelocityGiven , parabolic(d=.2,p=1.,u=1.), oscillate(t0=.3,omega=2.5)

Theavailableoptionsare

uniform(component=value [,component=value]...) Specify a uniform inflow profile and supply valuesfor someof the
components(componentsnot specifiedwill have avalueof zero).Herecomponent0 is thenameof acomponentsuch
as‘p’ or ‘u’.
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parabolic([d=boundary layer width][,component=value]...) Specifya parabolicinflow profile with a given width. See
section(3.5.1)for moredetails.

pressure(a*p+b*p.n=c) Specify the parametersa,b,c for a pressureoutflow boundarycondition. Here p=pressureand
p.n=normalderivative of p. Note that a and b shouldhave the samesignor elsethe condition is unstable.

oscillate([t0=value][,omega=value]) Specifyparametersfor anoscillatinginflow boundarycondition.Seesection(3.5.3)for
moredetails.

ramp([ta=value][,tb=value][,...]) : specifyvaluesfor a rampedinflow. Seesection(3.5.4).

userDefinedBoundaryData: choosefrom thecurrentlyavailableuserdefinedoptions.Seesection(4) for how to defineyour
own boundaryconditions.

Notethatnotall optionscanbeusedwith all boundaryconditions.

3.5.1 Parabolic velocity profile

A ‘parabolic’ profile canbespecifiedasa Dirichlet typeboundarycondition.Theparabolicprofile is zeroat theboundaryand
increasesto aspecifiedvalue F#G�HJI atadistanceM from theboundary:

�N�POQ" � F#G�HJIR� �TSVU 6�M2" U 6�M if
UXW M

F#G�HJI if
UY� M

Here
U

is theshortestdistancebetweenthepoint O on the inflow faceto thenext nearestadjacentboundary. and M is theuser
specifiedboundarylayer width. OverBlown is quitesmartat correctlydeterminingthedistance

U
evenif theinflow boundary

is coveredby oneor moreoverlappinggrids(suchasthepipeflow exampleor inlet-outletgrid).
Theparabolicprofile canbeuseful,for example,in specifyingthevelocity profile at aninflow boundarythatis adjacentto

ano-slipwall. A uniformprofilewouldhaveadiscontinuityat thewall.

3.5.2 Jet velocity profile

Thejet optionis ‘jet(r=1.,x=0.,y=0,z=0.,d=.1,p=1.,u= F#GZH[I ,v= KLGZH[I ,w= \]G�HJI ,...)’.
A ‘jet’ profile canbeusedto defineinflow over a portionof a boundary. Thejet hasa a center, ��^`_a�!,a_a�cbJ_d" , a radiuse , and

amaximumvalueof F#G�HJI for � (or KLG�HJI for  or \]G�HJI for f ) at e ��� :

�N�POQ" � F#G�HJI if ghO S Oi_ag W e�
if ghO S Oi_ag � e

In 3D thejet will haveacylindrical crosssection.Thejet canalsobedefinedto go to zeroat it’sboundaryusingtheparameter
M whichdefinesthewidth of thetransitionlayer,

�N�POQ" �
F#G�HJI if ghO S O:_Lg W e S M
F#G�HJIR9 �jS �lki6�M2"nm < if e S M W ghO S O:_Lg � e�

if ghO S O:_Lg � e
Herek � ghO S Oi_ag S �le S M2" .
3.5.3 Oscillating values

An inflow boundarycondition,uniformInflow or parabolicInflow, canbegivenanoscillatingtime dependenceof
theform

o�p _rq pRsdtcu�v 9 �;wyx ��' S 'z_d" <|{~} o uniform/parabolicprofile
{ q�&y_

Theparametersomega,t0,a0,a1,u0,v0,w0 arespecifiedwith theoscillate option.Here &y_ � ��� � �! � �!f � " .
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3.5.4 RampedInflow

An inflow boundaryconditioncanbe rampedfrom onevalue(usuallyzero)to anothervalue. The rampfunction is a cubic
polynomial� on the interval ��'J�L�!'J��" . The polynomial is montoneincreasingon this interval with slopezeroat the ends. The
variables�l���� y�!f�" vary from �l� � �! � ��f � " to ��� � �! � �!f � " . Thusthe � boundaryconditionrampfunctionwouldbe:

���l'�" �
��� for ' W 'J�
��' S 'J�2"nmL� S �l' S ' S p "!6c�~q��l'J� S 'J�2"�6 � "5���h�d� / �L�!�� E � / E ����� q��

p
for 'J� � ' � 'J�

��� for '�A�'J�
Therampedinflow canalsobecombinedwith theparabolicprofileasin

square(0,0)=inflowWithVelocityGiven , parabolic(d=.25,p=1.,u=1.) , ramp(ta=0.,tb=1.,ua=0.,ub=2.)

to give a rampedparabolicprofile.

3.6 The show file

The ‘show file’ is a databasefile of a particularformat that containsthe solutionsfrom OverBlown . The post-processing
routineplotStuff [10] knows how to readthis file andfind all the solutionsandthe differentgrids if the grids aremov-
ing or adaptive. Theshow canbe lookedat by typing ‘plotStuff file.show’ or just ‘plotStuff file’, where
file.show is the namethat you gave to the show file whenrunningOverBlown . The programplotStuff is found in
Overture/bin.

3.6.1 Flushing the show file

It is not possibleto look at resultsin a show file while theprogramis runningandtheshow file is openandbeingwritten to.
As a result, if the programcrashesfor somereasonyou will not be ableto look at the results. To overcomethis problemit
is possibleto automaticallysave multiple show files, with eachshow file containingoneor moresolutions. The numberof
solutionssavedin eachshow file is determinedby thefrequency theshow file is flushed.Usethe‘frequency to flush
the show file’ optionto specifyhow many solutionsshouldbesavedin eachshow file. Thefiles arenamed‘file.show’,
‘file.show1’, ‘file.show2’ etc.where‘file.show’ wasthenamegivento theshow file. TheplotStuff programwill automatically
readall thesedifferentfiles if you just type‘plotStuff file.show’.

It is thuspossibleto look at thesolutionswhenOverBlown crashesor while OverBlown is still running. Only themost
recentsolutionsthatbelongto themostrecent(open)show file will beunavailable.

3.7 Restarts

Theeasiestway to restartis to chooseyour initial conditionsto comefrom theshow file thatyou savedin a previousrun, see
section(3.2.3).Theprogramwill let onechooseany solutionin theshow file asaninitial condition.Rememberto renamethe
show file from thepreviousrunsothatit doesn’t getover-written beforeyouhave achanceto readfrom it.

You canalsorestartusinganexplicit restart file. To do this you needto turn on thesaving of a restartfile, seesection(3).
In thiscaseoverBlown will write arestartfile everytimethesolutionis output.Actually, to besafe,two filesarecreatednamed
‘ob1.restart’and‘ob2.restart’.This is in casetheprogramcrasheswhile therestartfile is beingwritten. Usuallybothfiles will
bevalid asusefor restartfiles.

To read the restart file you simply specify this option and the file to usewhen assigninginitial conditions,seesec-
tion (3.2.3).

3.8 Artificial Diffusion

OverBlown implementsartificial diffusionsbasedeitheron a second-orderundivided differenceor a fourth-orderundivided
difference.

Theartificial diffusionsare

�
m�� �
� ���L�d�y�rq��L�d�L�0gl$��2� � g

s "
�R�
�¡  s = �¡¢ = �£/ � � (1)
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in thesecond-ordercaseand

�y¤
� �
�¥S ���L�d¦y�rq��L�d¦L�0gl$ � � � g

s "
�R�
�¡  s = m �¡¢ = m �£/ � � (2)

in thefourth-ordercase.Here gl$ � � � g
s

is themagnitudeof thegradientof thevelocityand= �¡§ aretheforwardandbackward
undivideddifferenceoperatorsin direction̈

g©$ � � � g
s � ª / m« �R��¡  s �2���  s g©¬ � � � K � � g= s ¢ � �

� � �! ¢
s S � �= s / � �

� � �
S � �P ¢

s
= m ¢ � �

� � �l® ¢
s S � �= m / � �

� � �
S � �©® ¢

s
etc.

Theartificial diffusionis addedto themomentumequations

M
Mc' � � q��|� � %�$ � "|� � q¯$ �:° �

SV± = � � �
S�² �PO � ��'�"

S � � � �
���

but doesnot changethepressureequation.Typical choicesfor theconstants�d�L�y� � �d�L¦y� �³� and �L�L�L� � �L�L¦L� �³��� . These
artificial diffusionsshouldnot affect theorderof accuracy of themethod.With theartificial diffusionturnedon to a sufficient
degree,therealviscositycanbesetat low aszero,́Lµ �V� .

This form of the artificial diffusion is basedon a theoreticalresult [13][14] that statesthat the minimum scale, ¶LGZ· ¸ , of
solutionsto theincompressibleNavier-Stokesequationsis proportionalto thesquarerootof thekinematicviscositydividedby
thesquarerootof themaximumvelocitygradient:

¶LGZ· ¸�¹
±

g©$~&NgaqVº
�

Thisresultis valid locally in spacesothat gl$~&Zg measuresthelocalvalueof thevelocitygradient.Theminimumscalemeasures
thesizeof thesmallesteddyor width of thesharpestshearlayerasa functionof theviscosityandthesizeof thegradientsof
& . Scalessmallerthantheminimumscalearein theexponentiallysmallpartof thespectrum.

This resultcanbeusedto tell us thesmallestvaluethat we canchoosefor the (artificial) viscosity,
±¼»

, andstill obtaina
reasonablenumericalsolution.We requirethattheartificial viscositybelargeenoughsothatthesmallest(but still significant)
featuresof theflow areresolvedon thegivenmesh.If thelocalgrid spacingis ½ , thenweneed

½¾¹
±¼»

g©$~&NgaqVº
�

Thisgives ±¼»V� �!º s qVº m g©$~&Ng�"!½ m
andthuswecanchooseanartificial diffusionof

��º s q�º m gl$~&Zg�"�½ m =¿&
which is just theform (1).

In thefourth-orderaccuratecasewewish to addanartificial diffusionof theform

S£±¼» = m &
since,aswe will see,this will leadto

±¼» ¹�½
¤
. In this case,if we considersolutionsto the incompressibleNavier-Stokes

equationswith thediffusionterm
± =¿& replacedby

SX±�» =m�& thentheminimumscalewouldbe

¶LG�· ¸�¹
±¼»
gl$~&Zg

s|À ¤

Following thepreviousargumentleadsusto chooseanartificial diffusionof theform

S ��º s qVº m gl$~&Ngl"�½
¤
= m &

which is just like (2).
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4 Userdefinedfunctions

Hereis a list of functionsthatcanbechangedby a user. After rewriting any of thesefiles, compileandlink OverBlown with
thenew file.

4.1 Userdefinedinitial conditions

ThefunctionuserDefinedInitialConditions definesinitial conditions.Rewrite this function(userDefinedInitialConditions.C)
to definearbitraryinitial conditions.This functionis accessedwheninteractively settingparametersin the‘initial con-
ditions’ menuunder‘user defined’.

4.2 Userdefinedboundary conditions

The functionschooseUserDefinedBoundaryValues, userDefinedBoundaryValues definevaluesfor boundaryconditions.
Changethesefunctionsin orderto definenew right-hand-sidevaluesfor boundaryconditions. For example,you may want
to definethe inflow velocity profile to have a certainshapeand/ortime dependence.ThechooseUserDefinedBound-
aryValues is accessedwhenyouspecifyboundaryconditionsandchoosetheuserDefinedBoundaryData option.

4.3 Userdefinedgrid motion

to appear...

5 Hints for running OverBlown
� Startout with a simpleproblemon a coarsegrid so that the problemcanbe quickly run to determineif you have the

boundaryconditionscorrectetc.

� Startoutby takingonly a few time stepsandlookingat thesolutionto seeif it lookscorrect.

� Theruleof thumbfor choosingtheviscosity
±

is thatif thevelocitiesareorder1 andthedomainis order1 then
±� ½ mG�HJI ,

where ½aGZHJI is themaximumgrid spacingasreportedby OverBlown whenit runs.Thiscomesfrom theminimumscale
resultasdiscussedin section(3.8).

� If you want to useas small a viscosity as possiblethen set
±Á�Â�

and useartificial viscosity as discussedin sec-
tions(3.2.4,3.8).

� If OverBlown blows up it couldbethetime stepis not computedcorrectly. Reducethecfl parameter(default is .9) to a
valuelike .5 or .25 to seeif this is theproblem.Thereareknown problemswith thetime stepdeterminationfor implicit
timesteppinganda largeviscosity(relative to thegrid spacing).
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6 Post-processing:Readinga show file and computing someAerodynamic Quan-
tities

TheprogramOverBlown/bin/aero.C shows how to reada show file thathasbeengeneratedby OverBlown andaccess
thesolutionvaluesstoredthere.This programcanthenbeusedto plot thepressurecoefficient on thesurfaceof a bodyandto
computethelift anddragonabody.

Thefile OverBlown/bin/aero.C canbealteredto computeotherquantitiesthatmaybeof particularinterestto your
application.All informationaboutthegrid, solutionsandOverBlown parametersareaccessiblefrom theshow file. Youcould,
for exampleusethis programto output the solutionvaluesto a datafile format suitablefor someotherplotting or analysis
program.

Figure11: Theareo.Cprogramcanbeusedto readashow file generatedby OverBlown andcomputethecoefficientof pressure
on thesurfaceof abody.
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7 Installing OverBlown

OverBlown is usuallydistributedasa gzippedtar file, OverBlown.vXX.tar,gz, whereXX will be the versionnumber.
After uncompressinganduntar’ingthisfile youwill seethattheOverBlown distributionconsistsof adirectory, OverBlown,
plussubdirectories:

OverBlown/bin : containstheexecutable,overBlown . Youmaywantto put thisdirectoryin yourpath.

OverBlown/ins : samplecommandfiles for running computationsof the incompressibleNavier-Stokes equations,see
section(2).

OverBlown/cns : samplecommandfiles for runningcomputationsof thecompressibleNavier-Stokesequations.

OverBlown/asf : samplecommandfiles for running computationswith the all-speed-flow solver for the compressible
Navier-Stokesequations.

OverBlown/lib : containstheOverBlown library, libOverBlown.a.

OverBlown/src : sourcefiles (.C files) for OverBlown.

OverBlown/check : containstestingroutinesfor comparingtheanswerson testproblemsto previously runcases.

Herearethestepsfor installingOverBlown :

1. cd OverBlown

2. configure : runconfigurewith thedefault options.

3. make : compileOverBlown .

To run theregressiontests:

1. cd OverBlown/check

2. make

3. check.p : aperl scriptthatwill runOverBlown onanumberof scripts.

To runanexample:

1. cd OverBlown/ins

2. ../bin/overBlown cylinder.cmd : computeflow pastacylinder.

Notes: To build OverBlown first run the OverBlown configurescript (perl script) to createthe Makefile’s for the machine
you arerunningon. For exampletype‘configure’ from theOverBlown directoryto build Makefile’s for OverBlown in
doubleprecision.Someoptions,suchas‘precision=single’,mustmatchthecorrespondingoptionsthatwereusedto configure
Overtur e . Type‘configure --help’ with no argumentsto seeall theoptions. Theconfigurescriptwill checkto see
that you have setup the appropriateenvironmentalvariablesfor Overtur e andOverBlown . SeetheOverture/README
andOverBlown/README files for moreinfo. Note thatOverBlown usestheLAPACK librariesin additionto the libraries
requiredby Overtur e . OncetheMakefile’shavebeencreated,just type‘make’. If themake is successfulthenanexecutable
will bebuilt, OverBlown/bin/overBlown.

7.1 UsingPETScand OverBlown

PETSc,thePortableExtensibleToolkit for Scientificcomputations[1], canbeusedin OverBlown to solve implicit systems.
To usePETScyoushould

1. build or locatea versionof PETSc.I have only built andlinkedOverBlown to thenon-parallelversionof PETScusing
PETSc’s internalreplacementfor mpi.

2. define the PETSCLIB environmental variable (as required to use PETSc normally) and add it to your
LD LIBRARY PATH.

3. configureOverBlown with the’petsc’ optionasin ’configurepetsc’,andmake OverBlown (only thebin directoryneeds
to berebuilt if youhave alreadycompliedOverBlown withoutPETSc).
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